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(54) Testing wire rope for cross section variations and other flaws 

(57) A wire rope is tested for defects by magnetically saturating the rope at two locations (b, f) in one sense and at an 
intermediate location (d) in an opposite sense, and detecting the output of a magnetic flex sensor located at one of the three 
locations. A sensing coil 32 at any of these locations detects cross sectional area variations in the rope. Two sensing coils 
(38, 40; Fig. 14) positioned respectively between each pair of adjacent locations detect contact pattern variations in the 
rope. Broken wires are detected by two coils (54, 56; Fig. 1 8) located respectively on opposing sides of the intermediate 
location and spaced apart by a distance which equals the radius of the coils. 
The output signal of the coil or coils may be integrated. 
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THE ELECTRO-MAGNETIC TESTING 
OF WIRE ROPES 

This invention relates to the electro-magnetic testing of a wire rope. 

The applicant's European patent No.87810158.3 describes a procedure for 
simultaneously testing a wire rope to determine variations in three 
characteristics, namely the cross sectional area of the rope, the wire 
contact pattern within the rope, and the existence of broken wires. Use is 
made of a magnetic test head which establishes two magnetic fields 
which magnetize adjacent sections of the rope in opposing directions. The 
rope is caused to move along a path through the head and the existence 
of the three characteristics referred to is detected by means of suitable 
sensors located at positions defined relatively to the head. 

When the aforementioned head is operated the various sensors are 
positioned close to the rope at optimum locations. The rope moves 
relatively slowly to the test head under controlled conditions during the 
testing process. 

If the test head is left in situ and the wire rope is used for normal 
operation, and travels at normal operating speeds, then the test head, or 
the rope, may be damaged by the lateral movement of the wire rope 
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which takes place when «he rop e speed is increased. If use is made of 
guides such as relets or «he me ,o stabilize the rope when it passes 
through ,he .est head, unnecessary wear may be caused to the rope. 



The present invention is concerned with apparatus ,or testing a wire rope 
for one or more o, ,he aforementioned characteristics, which is reiativeiy 
compact and which can, i, desired, be .eft in situ as a permanent tester. 
The scope of the invention is not, however, restricted in this way and the 
apparatus o, the invention can be used with equal effectiveness as a 
portable rope testing device. 

The invention provide* apparatus tor testing a wire rope for cross 
sections, area variations which inc.udes a magnetizing head tor 
establishing a magnetic tie.d, means for forming a pathway for the rope 
which permits the rope to trave. in an axia. direction through the magnetic 
field whereby the rope is magnetically saturated in a first sense at a first 
location, and in a second sense which is opposite to the first sense a, a - 
second iocation and at a third .ocat.on, the second and third locations' 
being respectively positioned on opposing sides of the first iocation, and 
a. .east a firs, sensing means pinioned at a respective one of ,he firs., 
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second and third locations for detecting a magnetic flux variation in the 
rope. 

A magnetic flux variation detected by the first sensing means, positioned 
as indicated, is attributable to a cross sectional area variation in the rope. 

The apparatus may be used for simultaneously testing the wire rope for 
contact pattern variations and, for this purpose, may include at least 
second and third sensing means which are positioned between the first 
and second locations, and the first and third locations, respectively, each 
of the second and third sensing means being at a respective region-where 
the flux density in the rope is approximately zero and being used for 
measuring the rate of change of flux density, as a function of rope length. 

The second and third sensing means, used in the manner indicated, 
detect variations in the rate of change of flux density which are 
attributable to contact pattern variations in the rope. 

Each of the first, second and third sensing means may comprise any 
suitable device. These sensing means may for example be coils and may 
be positioned so that they extend circumferentially around the wire rope. 

The apparatus may include fourth sensing means and the first and fourth 



sensing means may be positioned respective* a. any two of the firs, 
second and third iocations. The fourth sensing means acts in the same 
way as the first sensing means in that ,, is responsive to magnetic f.ux 
variations in the rope which are attribute to cross sectiona, area 
variations in the rope. Signa.s produced by the first sensing means and 
the fourth sensing means may be added for exampie by connecting the 
first sensing means and the fourth means in series. 

The apparatus o, the invention may also be used for simultaneously 
testing the wire rope for broken wires and for this purpose may include 
«wo cons, each of a „rs. radius, which are spaced apart by a distance 
which is approximately equal to the firs, radius and which are respectively 
positioned on opposing sides of the firs, iocation, the two coils being 
used to detect magnetic flux variations. 

Magnetic flux variations which are detected by the said two co„s are 
attributable to the eftect of broken wires in the wire rope. 

Signals produced by the two coils may be integrated w„h respect to time, 
and may be further processed in any appropriate manner, ,o enhance the 
possibility of detecting signa.s of relatively iow ieve.s in background noise ' 
which is generated during the passage of the rope along the pathway. 



The invention further extends to a method for testing a wire rope for cross 
sectional area variations which includes the steps of establishing a 
magnetic field, causing the wire rope to move in an axial direction along 
a pathway through the magnetic field whereby the rope is magnetically 
saturated in a first sense at a first location, and in a second sense which 
is opposite to the first sense at a second location and at a third location, 
the second and third locations being respectively positioned on opposing 
sides of the first location, and detecting magnetic flux variations in the 
rope at least at one of the first, second and third locations. 

Magnetic flux variations which are detected at any of the first, second and 
third locations are attributable to cross sectional area variations in the 
rope. 

Magnetic flux variations may be detected at least at two or if desired at all 
three, of the said locations and the signals which are produced, upon 
detecting magnetic flux variations, may be added. 

The method of the invention may be used for simultaneously testing the 
wire rope for contact pattern variations by detecting the rate of change of 
flux density, as a function of rope length, at each of two regions, where 
the flux density in the rope is approximately zero, the two regions being 
positioned respectively between the first and second locations, and the 
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first and third locations. 

Variations in «he ra ,e of change o, flux density, as a function o ( rope 
•ength, are attributable «o contact pattern variations in the rope. 

The method may aiso be used for simuttaneousiy testing the wire rope for 
broKen wires by using a. .east two coils which areposi.ioned on opposing 
sides o, the first .ocation respectively, ,he coHs being spaced apart by a 
distance which is approximate* eoua. ,o the radius of ,he coi.s, anr, with 
the coils being responsive to flux density variations. 

Coils o, the kind Ascribed, usee in the way indicated, detect broKen 
wires in the rope. 



The invention is further described by way o, example with reference ,o the 
accompanying drawings in which: 

Fig-e 1 is an end view of a magne,i 2 ing head used in the apparatus of' 
the invention, 



Figure 2 is a side view of the magnetizing head of Figure 1, 

Figures 3 and 4 respectively show a pole piece and a magnet which are 
suitable for use in the magnetizing head of Figures 1 and 2, 

Figure 5 shows a pole piece with magnets of an alternative shape to that 
shown in Figure 4, 

Figure 6 is a curve of flux density B as a function of rope length, obtained 
with the magnetizing head of Figures 1 and 2, 

Figure 7 is a signal produced by an integrator, used with the head of 
Figures 1 and 2, to test a rope which has a cross sectional area variation, 

Figures 8, 9 and 10 respectively show the integrated response of a 
measuring coil, positioned at different locations in the magnetizing head, 
to a step function variation in the cross sectional area of the rope under 
test, 

Figure 11 shows the curves of Figures 8, 9 and 10 on common axes, 

Figures 12 and 13 show different curves which result when the signals, 
which gave rise to the curves of Figures 8, 9 and 10, are subtracted from 
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one another, 



F-gure 14 shows , he curve of Figure 6 _ wh|ch |$ ^ ^ ^ ^ 
o, rope ienglh reiativeiy ,o , he magnetizing head, muilipiied by a faclor o, 
10, «o 9e , her w„h a curve o, the rate o, change o, liu* density as a 
function of rope length, 



F.gure 1 5 Is an output signa , of an jntegfator connec(ed tQ ^ coj(s ^ 
'or detecting contact variations in the wire rope, the oulpu, signa, being 
produced in response ,o an inlinileiy iong area step function in the wire 
rope, 



Figure 16 i„ U s,ra,es modificatjons wh|c „ are maae to a rope te£< 
purposes, 



Figure 17 shows a signa, which is produced when ,he rope o. Figure 16 



is passed through the magnetizing head, 



Figure 18 is an eniarged portion o, the curve o, Figure 6 mus.rating Ihe 
position o, co»s, reiativeiy to ,he magnetizing head, used ,or detecting the 
presence of broken wires in the rope, 



Figure 19 shows a pu.se which is generaled by a broken wire in ,he rope, 
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Figure 20 is the output signa! of an integrator to which the puSse of Figure 
18 is applied, 

5 Figure 21 shows a portion of a rope which is modified to simulate the 

presence of broken wires, and 

Figure 22 shows a signal which is produced when the rope of Figure 20 
is passed through the magnetizing head. 

10 



Figures 1 and 2 illustrate a magnetizing head 10 from the end and from 
15 the side respectively. 

The head 10 includes pole pieces 12 and 14 respectively, which are of 
annular shape, and which have, in this example, sixteen magnet stacks 16 
between them. 



Each magnet stack 16 includes eight magnets 17 of rectangular outline 
mounted adjacent one another in a magnetic series configuration. The 
pole piece 14 is a north pole while the pole piece 12 is a south pole. 



- 10 - 



A con insert 18 is positioned inside the assemb.y of magnet stacks 16. 
The insert accommodates measuring edits for measurements which are 
described hereinafter. 

The test head defines a circular pathway 20 through which a wire rope 22, 
which is to be tested, passes. ., can be seen that there is a considerable 
amount of clearance between the rope and the coH insert 18 and this 
factor makes the test head suitable tor permanent installation under 
conditions where the rope 22 may move by a substantia, extent laterally 
during use. On the other hand the relative* ,arge diameter coils which are 
used do .ead to reduced signal to noise ratios and slgna! processing 
techniques may be resorted to in order to identify those contrtbutions to 
the signals which originate from defects in the rope 22. 

AS an alternative to the rectangular magnet configuration referred to use 
may be made of trapezoid* magnets 24, of the kind shown in Figure 4, 
which are axlally aligned and assembled at locations 26 Indicated on a 
pole piece 28 in Figure 3. The trap e2 oidal configuration utll.ses space 
more efficiently than rectangular magnets, for a desired magnetic field - 
intensity In «he head 10. A more compact arrangement of magnets can in ' 
tact be achieved by utilising magnets 30 which are segments of an 
annulus as shown in Figure 5. " - 



Figure 6 is a curve B(i) of flux density B which is produced an the rope 
22 by the head 10, as a function of rope length j£, reJatively to a reference 
co-ordinate marked O, which is more or less at a central position in the 
head, at which the flux density in the rope 22 reaches a maximum positive 
value. 

At the location marked d on the curve of Figure 6, which coincides with 
the aforementioned reference co-ordinate, the rope is magnetically 
saturated in a positive sense while at locations marked b and f the rope 
is magnetically saturated in a negative sense. 

At locations c and e the flux density is zero. 

The locations b and f are approximately at the axial extremities of the 
head 10. Away from these extreme points at variable locations a and g 
within the rope the magnetic flux density is, for practical considerations, 
substantially saturated, in the negative sense, although at a level which is 
slightly less than the peak saturation levels at the points b and f. 

Figure 6 schematically shows a measuring coil 32, which is mounted to 
the coil insert 18, and which extends circumferentially around the rope 
lying on an axis which passes through the point d. 8f the rope has a 
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nominal cross sectional area A then the variation in flux, due to a step 
function variation in the area^A is given by the following equation: 

A 4> = I B(£) Z^A ( 1 + -j 

2 / a 2 + r 8 )" 

where £ ls a measurement of the rope length as shown 

in Figure 6, 
R is the radius of the coil 32, and 
B(£) is the ffux density in the rope as a function of 
A - 

•f the coil 32 has N turns and its output is applied to the input of an 
integrator 34, shown schematically in Figure 6, with a time constant T then 
the integrator output voltage V c is given by the following equation: 

V 0 = N A(j> 
T 

= £L B(£)Aa i +1 

2T J + 

At the location d the rate of change of flux density with respect to rope 
length, dj| is zero. Consequently there are no induced eddy currents to 
disturb the even distribution of flux density in the cross section of the 
rope. The location d is thus suitable for detecting flux variations which are 
attributable to cross sectional, area variations in the rope. 



The rope 22 was modified, for test purposes, by tying a number of axialfy 
extending wires to an outer surface of a normal section ©f the rope. The 
rope was moved axiafly through the head 10 and the resulting signal 
produced at the output of the integrator 34 is shown in Figure 7. The peak 
in the curve, designated 36, corresponds to the position of the additional 
wires. 

Figure 8 illustrates the integrated response which is produced by the coil 
32, positioned at the location d, when an infinitely long step function 
variation in the area of the rope occurs as the rope is moved from left to 
right through the centre of the coil. Once the discontinuity has passed 
through the plane of the coil the integrator output remains constant. 

It is apparent that the coil 32 can be positioned at other locations at which 
the flux density is at a maximum i.e. either of the locations b and f. Figure 
9 shows the integrator output when the measuring coil 32 is at the 
location b and Figure 10 shows a similar curve produced by the integrator 
when the measuring coil is at the location f. 

In each case referred to in connection with Figures 8, 9 and 10 the 
integrator output is proportional to the flux density in the rope. The curves 
are similar but as is shown in Figure 11 are axially displaced by an 
amount which corresponds to the coil position. The measuring coil 32 can 
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be used at any one of «he , hree .ocations to detect area variations, .n each 
case the discrimination .ength, which is the accuracy with which the 
position is detected at which the step function change in the area occurs, 
is subs.an.iaMy .he same and is approximate* 400mm .or the given test 



conditions- 



Use may in tact be made of two or .hree coi.s located a, .he respective 
locations d, b and ,. Figure , 2 shows the effects of the col. a, d connected 
in series opposHion w„h simiiar coiis a, b and f respective*, together with 
the signal which is produced by the coil d. 



Figure 1 3 shows the integrator output when coils at b and f are connected 
in series opposition to the coll at d. 

•t is evident from Figures 12 and 13 that the measuring sensitivity may be 
doubled or ,ri P ,ed by using two coil or three coil combinations, but at the 
expense of the discrimination length. The discrimination length for a two 
coil system is approximately 1000mm and that o. the three coil system is 
approximately 1600mm. 

The two coil sys.ems referred to in connection with Figure 12 are 
equivalent to saddle coil systems where the half coils are positioned a. 
.he .oca.ions d and b on .he o^'e hand and a, the locations d and f on the 



other hand. It follows therefore that instead of circumferential eoiis 
surrounding the rope, of the type designated 32 and described 
hereinbefore, saddle coils may be used at the locations d and b, or at the 
locations d and f, to measure area variations. 

it can be shown that contact pattern variations can be detected by 
appropriate measurements taken at a location where the productfv u dB ' 
is at a maximum value, and simultaneously B = O, where V is the rope' 
velocity and u is the magnetic permeability of the wire rope. 

Figure 14 illustrates a curve dB, together with a curve of flux density 

dX 

B(i) for the test head 10. The curve B(X) is identical to the curve shown 
in Figure 6 and is repeated here for ease of reference. 

It is to be noted that the locations c and e, at which B = O, do not quite 

coincide with the peak values of the dB curve. 

d.£ 

Figure 14 schematically shows coils 38 and 40 which are positioned more 
or less at the locations c and e. The optimum positions of these coils are 
preferably found by experimentation and generally speaking are between 
the locations at which dB is a maximum and the locations c and e 
respectively. 
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Figure 15 shows a curve V. produced by an integrator 42 connected to the 
cons 38 and 40, as a function of rope length, when an infinitely long step 
function variation in area passes through the coils. If the flux densities at 
the locations c and e are equal, and preferably equal to zero, there is no 
net integrator output due to the infinitely long area step function but there 
is a small residual transient pulse. 

To test the preceding theory and the ability of the system to discriminate 
between area variations and contact pattern variations a rope 44 was 
modified in the manner shown in Figure 16. Four wires 46 of 3,18mm 
diameter and approximately 600mm long and extending in an axial 
direction were fixed to an externa, surface of the rope. Approximate* one 
metre away from the wires 46 ten .ayers of 0,25mm thick aluminium foil 
48, 450mm .ong in the axial direction, were wound tightly around the rope. 

Eddy currents which are induced in the aluminium foil, when relative 
movement takes place between the rope 44 and the head 10, simulate a 
step function increase in contact pattern. 

Figure 17 illustrates the output of the integrator 42 for a rope speed of 
2m/sec. The contribution to the signal due to the aluminium foil is a peak 
designated 50 while the wiris <46 produce a peak 52 in the opposite 



sense. 



it can be seen that the contact pattern variation simulated by the 
aluminium foil is detectable and is distinguishable from the cross 
sectional area variation which is simulated by the wires 46. The peak 52 
is not readily apparent in the background noise and, as has been 
indicated, it may be necessary to resort to signal processing techniques 
to enhance the possibility of detecting the peak 52. 

Figure 18 illustrates a portion of the curve of Figure 6, on an enlarged 
scale, it can be shown that broken wires in the wire rope under test are 
detectable by means of two coils 54 and 56 respectively which are 
positioned at locations g and h, on opposing sides of the location d, with 
the axial separation between the coils being approximately equal to the 
radius of the coils which, in this case, is 110mm. The coils 54 and 56 
produce a pulse of the kind shown in Figure 19, when a broken wire is 
detected, with the peak value of the pulse being proportional to the 
number of turns in the coils, the volume of the wire break, and the speed 
of the rope at the time of testing. The pulse shape does not depend on 
the number of turns nor on the volume of the wire break. 

As has been noted the coils which are located in the coil insert 18 have 
relatively large diameters and" consequently the signal to noise ratio for 
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.he cons is low. The ability ,o detect the signa, ,s improved by integrating 
the broken wires pulses and Figure 20 shows the output v. ot an 
integrator connected to the coils 54 and 56. .ntegration takes piece with 
respect to time and the signal V„ is therefore independent of rope speed. 

A large artificial wire break was simulated in a rope 58, as shown in Figure 
21, by tying two sets of wires 60 and 62 to an external surface of the rope, 
spaced from each other by approximately 10mm. The arrangement shown 
in Figure 21 simulates a wire break volume of approximately 160mm'. 

The curve shown in Figure 22 is the output signal of an integrator 
connected to the coils 54 and 56 and produced when the rope 58 passes 
through the head 10. The rope 58 .s superimposed on the curve. 
Locations x and z correspond to outer extremities of the wires 60 and 62, 
and the location y denotes the gap between the two wires. 

The effect of the broken wires is discernible although not readily 
identifiable against the background noise level. The use of cross 
correlation and pulse shape recognition techniques may be resorted to, 
together with other methods of signal processing, to enhance and identify 
the signals produced by the broken wires. 
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From the preceding description and the accompanying drawings It 
emerges that the test head 10, together with appropriate and correctly 
positioned measuring devices, can be used for the simultaneous 
measurement of area and contact pattern variations, and for the detection 
of broken wires. The head 10 can be used for a permanent installation or 
can be embodied in a portable testing device. In the latter case as rope 
test speeds are generally controlled and are much lower than actual 
operating speeds, the measuring coils which are used can have smaller 
diameters than what has been indicated hereinbefore and shown in 
Figures 1 and 2 and consequently larger signal to noise ratios result. 
Generally speaking therefore as coil diameters increase, relatively to the 
size of the rope under test, increasing reliance will be placed on signal 
processing techniques to detect the presence or absence of broken wires, 
area variations and contact pattern variations. 
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CLAIMS 



1. 



Apparatus for testing a wire rope for cross sectional area 
variations which includes a magnetizing head for establishing a magnetic 
field, means for forming a pathway for the rope which permits the rope to 
travel in an axial direction through the magnetic field whereby the rope is 
magnetically saturated in a first sense at a first location, and in a second 
sense which is opposite to the first sense at a second location and at a 
third location, the second and third locations being respectively 
positioned on opposing sides of the first location, and at least a first 
sensing means positioned at a respective one of the first, second and 
third locations for detecting a magnetic flux variation in the rope. 

2- Apparatus according to claim 1 which is . used for 

simultaneously testing the wire rope for contact pattern variations and 
which includes at least second and third sensing means which are 
positioned between the first and second locations, and the first and third 
locations, respectively, each of the second and third sensing means being 
at a respective region where the flux density in the rope is approximately 
zero and being used for measuring the rate of change efflux density, as 
a function of rope length. 
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3 - Apparatus according to ciairn 1 ©r 2 which ineiudes fourth 
sensing means and wherein the first and the fourth sensing means are 
positioned respectively at any two of the first, second and third locations. 

4 - Apparatus according to claim 3 wherein signals produced by 
the first sensing means and the fourth sensing means are added. 

5. Apparatus according to any one of claims 1 to 4 which is 
used for simultaneously testing the wire rope for broken wires and which 
includes two coils, each of a first radius, which are spaced apart by a 
distance which is approximately equal to the first radius and which are 
respectively positioned on opposing sides of the first location, the two 
coils being used to detect magnetic flux variations. 

6. Apparatus according to claim 5 which includes integrator 
means for integrating signals, with respect to time, which are produced 
by the two coils. 

7. A method for testing a wire rope for cross sectional area 
variations which includes the steps of establishing a magnetic field, 
causing the wire rope to move in an axial direction along a pathway 
through the magnetic field whereby the rope is magnetically saturated in 
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a first sense at a first iocation, and in a second sense which is opposite 
to the first sense at a second location and at a third location, the second 
and third locations being respectively positioned on opposing sides of the 
first location, and detecting magnetic flux variations in the rope at least at 
one of the first, second and third locations. 

8- A method according to claim 7 wherein magnetic flux 
variations are detected at least at two of the said locations and the signals 
which are produced, upon detecting magnetic flux variations are added. 

9- A method according to claim 7 or 8 wherein the wire rope is 
simultaneously tested for contact pattern variations by detecting the rate 
of change of flux density, as a function of rope length, at each of two 
regions, where the flux density in the rope is approximately zero, the two 
regions being positioned respectively between the first and second 
locations, and the first and third locations. 

10. A method according to any one of claims 7 to 9 wherein the 

wire rope is simultaneously tested for broken wires by using at least two 
coils which are positioned on opposing sides of the first location 
respectively, the coils being spaced apart by a distance which is 
approximately equal to the radius of the coils, and with the coils being 
responsive to flux density variations. 
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1 1 • Apparatus for simultaneously testing a wire rope for multiple 

types of defects substantially as hereinbefore described with reference to 
any one of the accompanying drawings. 

12 - A method for simultaneously testing a wire rope for multiple 

types of defects substantially as hereinbefore described with reference to 
any one of the accompanying drawings. 
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